ETO

PARTE 2 = Esqueleto pds-craniano

Caudal

~->>>>>)>))’))))\’WW

Skeleton

Cranial skeleto Postcranial

b

(a) Bony fish Axial Appendicular

skeleton skeleton

Vertebral Notochord Limbs Girdle
Chondrocraniurp\column
Splanchnocranium  Dermatocranium

(b) Early tetrapod

Caudal

Labyrinthodont
Ichthyostega

(c) Primitive amniote

Cleithrum

Caudal  S3%al | ymbar  Thorax  Cervical

Scapulocoracoid
Clavicle

Ischium s Humerus

ZESYUEISIOrapEnGICUIaN;



Divis&o do esqueleto

craniano e pos-craniano

Craniano
1) Neurocranio
2) Esplancnocranio (arcos maxilares, hidideos e branquiais)

Pds-craniano
1) Axial (coluna, notocorda, costelas, esterno, nadadeiras impares)
2) Apendicular (cinturas e membros peitorais e pélvicos)

craniano pos-craniano

Acanthostega

chial; PG, pelvic girdle; PQ, palatoc
| girdle: V, pelvic (ventral) fin. (From Dean.)




Osteichthyes
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- ossificagao endocondral

O esqueleto pds-craniano € de origem endocondral



Origem dos componentes do esqueleto Axial

esclerétomo

Mesoderma se
divide em 3 somitos

durante a neurulagao:
1- esclerétomo

2- miétomo
3- dermatomo

A. Neurula

Presumptive neural tube
Notochord

Somitocoel
Dorsal aorta \
2

Posterior
cardinal vein

Surface
ectoderm
Archenteron

Migrating neural

/Neural tuh

B. Later stage
crest cells

Notochord

Dorsal aorta

Posterior
cardinal vein

Kidney
tubule

Pronephric

duct ’/
Dorsal

mesentery

diverticulum

Ventral mesentery

FIGURE 4-16

Neural fold
Migrating neural crest cells

Somite

Intermediate | Three divisions
mesoderm | of mesoderm
Lateral plate

mesoderm

_Level of section
i

><Somite
/\ Intermediate

mesoderm
Lateral plate
mesoderm

Sclerotome
Three subdivisions
Myotome of somite

Dermatome

Genital ridge | Two subdivisions

Nephric ridge of intermediate mesoderm

Splanchnic portion of

lateral plate mesoderm
Two subdivisions

of lateral plate mesoderm
Somatic portion of P

lateral plate mesoderm

Somatopleure

Splanchnopleure

[ Ectoderm [ Notochord [ Endoderm (gut lining)
. Neural tube - Mesoderm EI Endoderm (yolk)

. Neural crest

Differentiation of trunk mesoderm in an idealized amphibian embryo. A, Early neurula. The

inset shows a lateral view and the plane of section for the figure in A. It also diagrams the basic
organization of the three divisions of trunk mesoderm. In amphibian embryos (and other vertebrates
with mesolecithal eggs) the moderate amount of yolk is incorporated into yolk-laden cells in the floor
of the archenteron. B, Later neurula, showing the structures that develop from each somite and each
germ layer. Note that each of the three divisions of trunk mesoderm diagrammed in A in turn gives

fise to subdivisions. See text for additional descriptions.




Migrating
elerotome

(A)

Origem dos componentes do esqueleto Axial

Condensation of
Dermatome chondrocytes from
sclerotome cells

Nephrotome of
developing kidney

Intraembryonic
coelom
Splanchnic
mesoderm

Sclerotome

Figure 9.5

Diagram of a transverse section through
the trunk of (A) an early 4-week and (B)
a late 4-week human embryo, showing
formation of somite structures. (A) The
sclerotome cells are beginning to mi-
grate away from the myotome and der-
matome. (B) By the end of the fourth
week, the sclerotome cells are condens-
ing to form cartilaginous vertebrae, the
dermatome is starting to form the der-
mis, and the myotome cells are extend-
ing ventrally down the walls of the
embryo. (C-E) The changing structure
of the chick somite as cell migratiops
occur. (A and B after Langman, 14

C-E after Ordahl, 1993.)

Sclerotome

_Level of section

><Somite
/\ Intermediate

mesoderm
Lateral plate
mesoderm




Esqueleto Axial

Estrutura das vértebras

Foramina for roots

arco neural: protege tubo

) of spinal nerves
Dorsal intercalary plate

nervoso, pode ter zigapdfises ) SHiEnE’ Sanal ‘ Neural plate

for spinal cord

centro: comprime a notocorda

XN

Hemal plate

Foramen for caudal

blood vessels

arco hemal: protege a veia e "\ Canal for caudal artery

a artéria caudal

Canal for caudal vein

A. Chondrichthyan




Dermatome

As vertebras ossificadas estdao em
posicao intersegmentar devido a divisao e fusao das

partes anterior e posterior de segmentos adjacentes de
Esclerétomos

Somite

Neural tube

'{-'/
Primary sclerotome

ﬁ‘—.."iv

: Secondary sclerotome
notocorda mmm

somitos tubo neural

escleréfomo

% —Myotome
Spinal nerve

miétomo

Intervertebral

Vertebra

Axial muscles
(myotomes)




Esqueleto Axial

costelas: desenvolvem-se nos mioseptos; dao forca a parede lateral
do corpo (protegem as visceras) e fornecem ancoradouros para a musculatura
do tronco e da cauda; grande variagao nos grupos.

Developing vertebra Location of myotome
(muscle has been removed) Skin

Dorsal skeleto-
genous septum

? / ‘ Horizontal
Spinal cord N / y skeletogenous
§ / septum
Notochord

Dorsal aorta

5 : ; : 7 Lateral line
Horizontal skele- > & : pore

togenous septum

Posterior S . )
cardinal veins — g : | Lateral line
canal
Dorsal
mesentery

Coelom

Lateral skele-
togenous septum

Ventral skele-
togenous septum Intermuscular rib Subperitoneal rib Myosepta

FIGURE 8-3
A stereodiagram of the vertebral axis, skeletogenous septa, and ribs of a jawed fish. (After Goodrich.)




Myoseptum Dorsal rib

Centrum
Neural arch

Horizontal
septum
MNeural tube

Notochord

vessels
Skin

R

Somite

QOuter wall

Neural tube

"__— Myotome
Spinal nerve

of coelomic .E
cavity fl
Perichordal
(a) Fish ribs lube
Segmentagéo original do somito
Neural spine
Neural arch Positionof N~ Perichordal !
~ myoseptum ! lring 5 — Myotome
Interneural -— 8 g8\ £ AN Rl 0000 TN T e - il
arch _ Primary
T ! segment ! !
\’l ,.- It
rd i /
’ ‘ Intervertebral
‘ _? disk
) Vertebra
\ [/ A, ‘ ’
Pleurocentrum | - & ! o
et
- L CIICH)
Intercentrum h ]
(d) ! ] ! Nervos, mioseptos e costelas

Vertebral segment

— 0

em posicao intervertebral

Axial muscles
(myotomes)



Salamanders Frogs
Modern amphibians
‘-uh__‘_ "

T\

el om

Lepospondyls

Temnospondyl Embolomeri
N Anthracosaur
[3y) Ichthyostegids lineage

_—-//

£\ Eusthenopteron
Pleurocentrum y [
Intercentrum

Rhipidistians




Latimeria: esqueleto: notocorda

B

S TR e

S

Neural — ™=
spine

Notachord —— | '
bt il Exemplar de Latimeria do Museu de Paris
R D0

(a) Latimeria



Esqueleto Axial

Tipos de vértebras

Anterior

A. Amphicoelous
Vertebral cana\l

Centrum

Intervertebral
pad

Notochord

cotilo: regiao da concavidade

B. Procoelous
Part of centrum derived
from intervertebral body

condilo: regidao da convexidade

D. Acoelous

Intervertebral

E. Heterocoelus

E 8-2

»f vertebral centra; anterior is toward the left.
licoelous vertebrae of a fish. B, Procoelous
& of an early sauropsid. C, Opisthocoelous

(a) Acoelous  pulposus  (b) Amphicoelous e of an early sauropsid. D, Acoelous vertebrae

nmal. E, Dorsal view of the centra of two

Atlached selous cervical vertebrae of a bird. (E, After Wake)
intervertebral

anficélicas: peixes

procélicas: maioria dos
répteis e anfibios

opistocélicas: alguns répteis
prc| € anfibios

opi| acélicas: mamiferos
e i

heterocélicas: aves e pescoco
das tartarugas (maior amplitude
—| de movimento)

heterocélicas: aves e pescoco
das tartarugas (maior amplitude
de movimento)




Acélicas =
mamiferosx

Procélicas =
maioria dos
anfibios e répteis

TIPOS DE VERTEBRAS

Nucleus
pulposus

(c) Procoelous \

Anficélica =
peixes

(b) Amphicoelous

Attached
intervertebral
body

/

Opistocélicas =
alguns anfibios e
répteis

(d) Opisthocoelorlk

Cobndilo = Regido de convexidade

Cotilo = Regido de concavidade

e i L it
Heterocélicas =
aves e pescogo
das tartarugas

(e) Helerocoelous




Neural arch
] and spine
Fused fin 4

- \ /\\ /I Nerve cord
- WY ' % Notachord
) TRy . —

T e

Notochord

28 BRI B
SETENLENE g
an o T T

_ Dorsal Ventral (motor)
/,’—' {sensory) root
root

Otic capsule
Nasal capsule
Annular

carlilage
P

Precardial Branchial ; . ;
: . Branchial Piston cartilage
cartilage openings basket of tongue
(b)
Main support of Main support of

posterior dorsal fin  anterior dorsal fin  |ntercentrum
'F’Ieu;oocntrum / Neural arch

SR,

MR

agits

Pelvic

. No{ochord
girdle

Radials Main
(a) support

of anal fin .
Neural spine

Neursl Neural
arch canal )
Neural Notochordal 3
arch Pleurocentrum- canal T~ /%
Rib
Hemal
Intercentrum canal
: Hemal
h
Parapohysis it
(b) (C) (d)

"PEIXES”

Do_rsal fins

Fin spine

Scapulocoracoid

Pectoral
fin

.:l.,

U
g e ST T
R e '

&

(b) Ctenacanthus

Propterygium
' Mesopterygium
Metapterygium

Anal fin

Interneural Nerve
foramen

Neural spine

Neural
arch Neural

Neural arch
canal

Centrum

Notochord
Hemal arch
Hemal canal Basapophysis

Hemal spine

Cross section of Trunk vertebrae

caudal vertebra

(d) Squalus



peixes: menos variacdo nas
vértebras; regido de
transi¢gdo: monospondilia e
diplospondilia (vértebras
menores); notocorda
persistente em muitos

Esqueleto Axial

heterocerca
Dorsal

caudal
fulcra

Notochord

A. Caudal skeleton of Polyodon (heterocercal)

homocerca

Fin rays
(cut)

Hypurals

VaW. 0, V.00, 9.5V, B VW ¥a Va¥ovaval
A Nk TP BRI I e
g\ A1 1 LM A

heterocerca

D. Caudal skeleton of Latimeria (diphycercal)

FIGURE 8-10

Major caudal fin and caudal skeleton types of bony fishes.

A, Heteracercal caudal fin of a paddlefish, Polyodon.

B, Abbreviated heterocercal caudal fin of a bowfin, Amia.

C, Homocercal caudal fin of a ladyfish, Elops. D, Diphycercal
caudal 1in of a coelacanth, Latimeria. E, Caudal fin evolution in
bony fishes; a heteracercal tail is plesiomorphic. Within
actinopterygians, abbreviated heterocercal and homocercal tails
evolved. Diphycercal lypes evolved independently in
sarcoplerygians (e.g., coelacanths and lungfishes) and in
actinopterygians (e.g., cods and many cel-like teleosts). (A, Atter
Grande and Bermis; B and C, atter Palterson; D, after Jarvik.)




Esqueleto Axial
Estrutura das vértebras

. Intervertebral foramen
Neural spine Cranial zygapophysis

Neural spine

Neural arch

Transverse < iy
process 2l ; 4 Caudal

zygapophysis

Tuberculum
of rib
Hemal arch
Intercentrum Centrum (a) Sturgeon vertebrae
Capitulum of rib

Two part \
neural -

B. Reptilomorph articulacao dupla

Tetrapoda
Dorsal rib =
Actinopterygi

{b) Teleost vertebrae (c) Teleost vertebra
(lateral) (cross section)
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FAMENNIAN

LATE

FRASNIAN

\ tetrapods

Age (millions of years)

Genus

o

Tulerpeton Russia

Acanthostega Greenland
Ichthyostega Greenland
Ventastega Latvia

Hynerpeton United States
Densignathus United States
Ichthyostegid Belgium
Jakubsonia Russia
Metaxygnathus  Australia
Sinostega China

Obruchevichthys Latvia and Russia

Elginerpeton Scotland

Elginerpeton Obruchevichthys Livoniana Panderichthys

.

Epicontinental seas
Fluvial

Fluvial

Coastal marine,
shallow waters
Coastal floodplains
Coastal floodplains
Coastal floodplains
Estuarine deltas
Fluvial

Non-marine
Coastal marine,

shallow waters

Fluvial

Devoniano (417 — 354 Ma)

Origem da linhagem Tetrapodomorpha no Devoniano Superior

Curto intervalo temporal sugere que a transi¢do para o ambiente
terrestre ocorreu rapidamente




Sinapomorfias compartilhadas
por Tiktaalik e Tetrapodas

*perda dos ossos operculares

eliberacdo da cintura escapular
*focinho alongado

*Diferenciacdo dos autopodios
Acanthostega (carpus, digitos)

Eusthenopteron Panderichthys Tiktaalik

Bl Pectoral girdle  [E] Operculum Bl Cranial roof [ ] Cheek [ palate [ ™

Ichthyostega

1 N
¢

AT Dt
ST

Acanthostega
SEH SRS

Tetrapods

Tetrapodomorphs
|



N Tiktaalik

S
S hthys

R

Eusthenopteron

Panderic.

Tetrapodomorphs

Stylopod [ Humerus
[ Radius
Zeugopod [ = Uina
Autppod [ [l Distal elements

Mesomero 1 = humero/femur Stilopodio = H
Mesomero 2 = rad-uln/tibia eugopoédio —» R U

_ . . < I Ul 1
Mesomero 3 = carpais/tarsais nedio- 4

Mesomero 4 = metatars/metacarp FAutopodio =2~

Mesomero 5 = falanges % L



Os Stem-Tetrapoda do Famenniano (365 MAA) e a primeira irradiacao de tetrapodes

Ichthyostega

earcos branquiais ausentes
* dentes labirintodontes

* costelas expandidas

* 7 dedos no pé¢
Acanthostega

* dentes nao labirintodontes
* 3 arcos branquiais

*8 dedos no pe

Caracteres derivados

zeugopodios e autopodios totalmente diferenciados
(radius, ulna, carpus, digitos)

(tibia, fibula, tarsus, digitos)

cinturas fortemente ancoradas ao esqueleto axial

regido cervical diferenciada

costelas com 2 facetas articulares




Clavicle
(vestigial) =™ > ;

Ulna i
Radius:

Carpals

g
Metacarpals //
Phalanges ~ilp

Sy

A. Skeleton of a dog (Canis) in standing posture

Esqueleto Axial

tetrapodes: coluna subdividida em tipos distintos de vértebras, especialmente mamiferos:
cervical - toracica > lombar - sacral > caudal

Femur
"

‘.\ ‘

Patella
Fibula

Tibia

Tarsals '

o
Metatarsals
Phalanges §

S35
S

Ischium \
y

prezygapophysis (articular surface)
atlantal foramen
neural spin

transverse process

eural canal

articular surface

transverse canal transverse canal

B axs C 3rd CERVICAL

prezygapophysis (arficular surface)
postzygapophysis e spine
A postzygapophysis

intercentral haemal arch

D s tHoRrACIC E 3 (UMBAR F mopte caupa

Figure 6-1. Some of the vertebrae of the cat as seen in anterolateral and slightly dorsal view.




Smithson (1982):
Batrachomorpha (Temnospondyli e Lepospondyli)
Reptiliomorpha (Anthracosauria, Seymouriamorha, Diadectomorpha)

GREERERPETON

BATRACHOMORPHA REPTILIOMORPHA

Opistoéticos proeminentes conectados ao dermatocranio

Panchen e Smithson (1988 Laurin e Reisz (1997

f— temnospondyis

Temnospondyls+ =— & :
Lissamphibia S L colosteids
_E Microsaurs % ELGO G anthracosaurs
Colos}e:ds § e Gephyrostegus
Nectridea .§_ e seymouriamorphs
Ichth 9 basioccipital
chthyostega — 7] = lissamphibians
‘Loxommatids’ = oy :’; —
Crassigyrinus g ki vl
Anthracosaurs S e
Seymouriamorphs 3 — Westiothiana
Diadectomorphs = diadectomorphs
Amniotes b ! ' | .
batrachomorphs' 'reptiliomorphs’ amniotes 4
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COTYLOSAURIA
BATRACHOSAURIA

Blewenbs ‘vopousyds
eydiowoinesopide] %

©l|Ap0o0I)
eydiowoinesoyaly

saulpnisayl

eepluiysoiden

sajoepeIq
eydiowoloapeiq

sninesosspy
Jelndasesed,,

gt

Proterogyrinus




TRACOS ANATOMICOS DO MAIS ANTIGO AMNIOTA

proatlas

S \‘\\\\\\\\\\\\\\\\ﬁ\\\\\\\\\\\\\\\\

gastralia
atlas
intercentrum

ischium
(d)
astragalus

adductor muscles
pterygoideus muscles

» 200 mm com cabeca proporcionalmente pequena
* columela robusta

» tabular e posparietal presentes

» scapulocoracoide e pelvis robustos

» astragalo e calcaneo presentes




Esqueleto Axial

Estrutura das vértebras

Neural arch 1 Zygapophyses

Proatlas
Neural arch 2

-mamiferos: atlas e axis modificados, i C
maior movimentagao da cabeca ™ R

A. tDimetrodon

Intercentrum 1 centrum 1
A. Atlas of tDimetrodon

Intercentrum 2

Articular

-mamiferos: 7 vértebras ’ =
cervicais (até na girafa), com : | Termsmree
3 excecgoes (preguica de 2 dedos Posmﬁnm'?‘;_ '

1 1 1 verse ligamen
e pelxe-bOI Com 6’ e preglJIga de 3 B. Atlas of a mammal, anterior view
dedos com 9)

Position of dens

Zygapophyses lost

Foramen
magnum

Occipital
condyle

Atlas
(neural arch +
intercentrum 1)

Dens = outgrowth from
centrum1 + intercentrum 2

C. Atlas and axis complex of a mammal, lateral view

FIGURE 8-19

Evolution of the atlas and axis. A, A lateral view of the first
two cervical vertebrae of an early synapsid, +Dimetrodon.
B, An anterior view of the atlas of a mammal. C, A lateral
view of the atlas and axis of a mammal. (A, After Jollie;

C, after Romer and Parsons.)




Esqueleto Axial

ctoral Trunk vertebra
girdle and rib

FIGURE 8-13

A dorsal view of the skeleton of a salamander, showing regional specialization of the
vertebral column. (From Romer and Parsons, atter Schaetter.)

sacral

caudais
fundidas

FIGURE 8-17

Alular digit (Il) Carpometacarpus T!1e skeleton of recent birdﬁ. A, A lateral
view of the skeleton of a pigeon. B, A
ventral view of the synsacrum and pelvic
girdle of a chicken. (A, After Pettingill;
B, partly after Welty and Baptista.)

SAPO, Bufo

FIGURA 9-7 COLUNA VERTEBRAL DE
UM ANURO mostrando, em vista dorsal,

a tnica vértebra cervical, o tronco curto,
a auséncia de costelas livres, a unica vértebra
sacral e o urostilo.

Sandiels e,
n Um er Osa S Clavicle / A\ 4L ‘, b Uncinate process

Illium

- Free caudal
Cervical rib vertebrae

Sternal rib

sinsacro

B. Chicken Acetabulum Pelvic girdle




Esqueleto Axial

-modificagdes axiais para a vida em agua: cervicais reduzidas,
zigapofises reduzidas, arcos neurais alongados (fixacado de
musculatura propulsora), lombares numerosas.

Lumbar vertebrae

oot il 1
_

[

! l‘ ()C1p00

Chevron bones

Ny 2L

R

-
Skeleton of a dolphin (Grampus)




costelas

Atlas

Thoracic vertebra 13

Scapula

WS

A

P/

Cervical vertebra 5 A
NJ
Humerus /\\ =

Radius —_ 2/

o

26

FIGURE 8-18

\ \\ Fermur L, Caudal
\ ) ; N " vertebra 1
Sternum e ﬁ,’\ A ) ) ;

Q’*‘t‘)&\) pd

Esqueleto Axial

Pleurapophysis
\ Lumbar vertebra 6
llium
Sacral vertebrae

Patella —\:

Fibula —<_ =
Tibia &

Costal Tarsals

cartilage Metatarsals D Pubis
p— S——

:.-g,__—,_ﬁm‘.

Alateral view of the skeleton of a ral. (After Hebel and Stromberg.)

Alular digit (I1)

Cervical vertebra

Cervical rib

Coracoid

Clavicle

Cervical rib

Sternal rib

Keel of
sternum

Carpometacarpus

FIGURE 8-17

The skeleton of recent birds. A, A lateral
view of the skeleton of a pigeon. B, A
ventral view of the synsacrum and pelvic
girdle of a chicken. (A, After Pettingill;
B, partly after Welty and Baptista.)

Uncinate process

Illium
Free caudal
vertebrae

B. Chicken Acetabulum Pelvic girdle

\ Ischium

FIGURE 8-15

A ventral view of the skeleton of a sea turtle,
Eretmochelys. The plastron has been removed.

(After Bellairs).

Humerus

Radius

Pectoral girdle
Pelvic girdle
Femur
Tibia
Fibula
Tarsals

Metatarsals

/ costelas incorporadas
5 a carapaca, dorsais
Y aS cinturas peitoral e

SR
BN pélvica

AT

W s Rib
¢ : v‘ goes’:ila[ll)late

- Carapace

Peripheral
plate




Esqueleto Axial

esterno

-tetrapodes, menos cobras, tartarugas;

-mais desenvolvidos em amniotas onde se
unem as costelas por meio de cartilagens
costais, protegendo melhor a viscera e
participando da ventilagao pulmonar;

-ancoradouro para musculos peitorais.

Thoracic vertebra 13 Pleurapophysis
Stapuia Lumbar vertebra 6

5 llium
A ’ “w \: N )/ Sacral vertebrae
Cervical vertebra 5 — ‘ j 4

GRS ‘
\ Femur . %4, Caudal
\ Patella —4
!

/ vertebra 1

M/ P: v

\ ) Fibula /\\
"S“).\ ) Tibia >N
Costal
g7 cartilage
RS~ Metacarpals o

segmentado-

S
Carpals 4 Ulna Metatarsals

FIGURE 8-18
Alateral view of the skeleton of a rat. (After Hebel and Stromberg.)

D)
[’ Interclavicle

Coracoid

Trunk rib 1

Costal
cartilage

Abdominal ribs
(gastralia)

B. Crocodile Ischium

FIGURE 8-7

Ventral views of the sternum of a salamander and a

crocodile. A, The small, unossified sternum of a salamander

lies cranial to the coracoid cartilages of the pectoral girdle.

B, The costal cartilages of ribs attach to the sternum of a

crocodile. Blue stippled = cartilage; blue = cartilage

replacement bone; red = dermal bone. (A, After Noble;

B, after Romer and Parsons.)
FIGURE 8-17
The skeleton of recent birds. A, A lateral
view of the skeleton of a pigeon. B, A
ventral view of the synsacrum and pelvic
girdle of a chicken. (A, After Pettingill;
B, partly after Welty and Baptista.)
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Proganochelys do Triassico Sup. da Alemanha

Uma das tartarugas mais antigas conhecidas e a
mais bem preservada

Ja apresenta um plano basico tipico de Testudines

(b) Neural Marginal ~ (c)
plates

Caudal ¥g: Xiphiplastron
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An ancestral turtle from the Late Triassic of
southwestern China
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Axial arrest of the ribs
plastron

Completion of the CR

Acquisition of the dermal carapace
Fan-shaped growth of the ribs
Encapsulation of the scapula
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ischium

A perda das patas nas Serpentes




Esqueleto Apendicular

cintura peitoral

Basal pterygiophores

Pectoral girdle —
Scapulocoracoid
cartilage

Radial pterygiophores
Ceratotrichia
C. Pectoral fin of Squalus

Postcleithrum

Posttemporal Basal ptery-

Supracleithrum giophores

Cleithrum

Coracoid  pterygiophores

Clavicle
Lepidotrichia

. Pectoral girdle and fin of Polypterus




I Esqueleto Apendicular

- Stylopodium

Humerus
. Zeugopodium

Radius Ulna

Radiale \ Winsiea Tibiale

Intermedium ] \ Metacarpals Intermedium

/

Centralia
Phalanges

2
Centralia —ﬁ)% %7%

Distal carpals A
7 /§/
Metacarpals

Phalanges

3 \
A. Terms for pectoral limb of tetrapods \Limbaxis B Terms for pelvic limb of tetrapods !, Limb axis

FIGURE 9-7
Diagrams of a generalized five-digit cheiropterygium of a tetrapod, showing terms used for

elements in the pectoral (A) and pelvic (B) appendages. Note that the limb axis extends
along the posterior border of the limb and into the fourth digit.




A. Neurula Presumptive neural tube Neural fold
Notochord

Somitocoel

Dorsal aorta

Posterior
cardinal vein

Surface
ectoderm
Archenteron

B. Later stage Migrating neural
crest cells Neural tube

Notochord

Dorsal aorta

Posterior
cardinal vein

Kidney
tubule

Pronephric
duct

Dorsal
mesentery

Gut
lining

Liver
diverticulum

Ventral mesentery

FIGURE 4-16

Migrating neural crest cells

Somite

Intermediate | Three divisions
mesoderm | of mesoderm
Lateral plate

mesoderm

Formacao do esqueleto: Apendicular

_Level of section

Somite
A )(ntermediate

mesoderm

Lateral plate
mesoderm

/Level of section
1

Intermediate
mesoderm

Lateral plate

mesoderm

Somite

Sclerotome
Three subdivisions
Myotome of somite

Dermatome

Genital ridge | Tywo subdivisions

of intermediate mesoderm

Nephric ridge

Splanchnic portion of
lateral plate mesoderm

Two subdivisions

of lateral plate mesoderm

SomatiC miiga of
lateral plate meSo™

“~Somatopleure

Splanchnopleure

[ Neuraltube  [F] Mesoderm
. Neural crest

[ Ectoderm [ Notochord [ ] Endoderm (gut lining)

Endoderm (yolk)

Differentiation of trunk mesoderm in an idealized amphibian embryo. A, Early neurula. The
inset shows a lateral view and the plane of section for the figure in A. It also diagrams the basic

organization of the three divisions of trunk mesoderm. In amphibian embryos (and other vertebrates
with mesolecithal eggs) the moderate amount of yolk is incorporated into yolk-laden cells in the floor
of the archenteron. B, Later neurula, showing the structures that develop from each somite and each

germ layer. Note that each of the three divisions of trunk mesoderm diagrammed in A in turn gives

rise to subdivisions. See text for additional descriptions.

D,
Neural tube © Dermamyotome

Sclerotome

Dermatome
Migratory cells

(limb and ventrolatera!
musculature)

Sclerotome

-musculatura apendicular:

origem do miétomo

-esqueleto apendicular:

origem do hipémero

(mesoderma de placa lateral)




Esqueleto Apendicular

nadadeira peitoral

Acanthodes

Epiceratodus Eusthenopteron




Esqueleto Apendicular

osteolepiforme ——— tetrapode

Humerus

Humerus

Lepidotrichia

Phalanges

A. Pectoral fin of T Eusthenopteron B. Pectoral limb of T Acanthostega

FIGURE 9-8

Changes in the pecloral appendage during
the transilion from water to land. A, The
crossopterygium fin of a choanate fish.

B, The limb of an early tetrapod (an
tacanthostegid).
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FIGURE 9-12
\-C. Dorsal views of extended vertebrate wings. (After
Norberg.)




Esqueleto Apendicular

Lumbar vertebrae
|

!!!l!!ﬂ!lz;

T

Chevron bones

Fig. 134. Examples of tetrapod append-
ages retransformed into fishlike paddles in
marine forms. Pectoral limbs of A, an
ichthyosaur; B, a plesiosaur; C, a whale.
In all there has been a shortening and
broadening of the proximal bones and a
multiplication of the phalanges. h, Hu-
merus; r, radius; u, ulna. (4 after Huene;
B after Williston; C after Flower.)

multiplicacao das falanges




Esqueleto Apendicular

Artiodactyla

Fig. 141. Left front feet of ungulates—in order, camel, pig, horse, rhinoceros, and tapir. The first
two are artiodactyls, in which the axis of symmetry lies between the third and four toes. In the pig (B)
lateral toes, 2 and 5, are complete but small. In most artiodactyls, as in the camel (A4), the two main
metapodials are fused into a cannon bone. The three remaining forms are perissodactyls, in which the
axis runs through the third toe. In the tapir (£) the pollex is lost, but the other four toes remain; in
modern rhinoceroses (D) the fifth toe has disappeared: in modern horses (C) the second and fourth are
reduced to splints. (After Flower.)

-unguligrados: andam sobre as unhas, contrastando com plantigrados e digitigrados




Esqueleto Apendicular

(E ] oo ]

ga Z @
AR TP

grau de fusao

Fig. 140. Diagram of carpus (4 to C) and tarsus (D to F') to show essential homologies between
primitive tetrapod (4, D), primitive reptile (B, E), and mammal (C, F). Proximal row of elements stip-
pled; central row (and pisiform) unshaded; distal row hatched. Digits indicated by Roman numerals;
distal carpals and tarsals by Arabic numerals. e, Astragalus; c, ¢l to c4, centralia; ca, calcaneum; cu,
cuneiform in carpus, cuboid in tarsus; ec, external cuneiform (ectocuneiform); enc, internal cuneiform
(entocuneiform); /, fibulare; F. Fib, fibula: ¢, int, intermedium; lu. lunar; mc, middle cuneiform (meso-
cuneiform); mg, magnum; nav, navicular; pis, pisiform; rle, radiale; sc, scaphoid; ¢ tibiale: T, Tib. tibia;

td, trapezoid; tz, trapezium; ule, ulnare; un, unciform.




cintura pélvica

Basal Radial
pterygiophores pterygiophores

Pelvic girdle
Ceratotrichia

Anterior margin /

D. Pelvic fin of Squalus

FIGURE 8-17

The skeleton of recent birds. A, A lateral
view of the skeleton of a pigeon. B, A
ventral view of the synsacrum and pelvic
girdle of a chicken. (A, After Pettingill;
B, partly after Welty and Baptista.)

B. Chicken Acetabulum Pelvic girdie

Esqueleto Apendicular

=

n articulation

acetabulo

Fig. 125. Diagrams to show the development of the pelvic girdle and sacrum in the evolution of am-
phibians from fishes. A, Left lateral view of the pelvic region of a fish, with the vertebral column and
ribs above, the small pelvic girdle placed ventrally. B, Primitive tetrapod stage, found in some early
fossil amphibians. The girdle has expanded, with the three typical bony elements. The ilium extends up-
ward, but was presumably connected with the column only through ligaments binding it to the neighbor-
ing ribs. C, The girdle has grown further, and the ilium is firmly attached to an enlarged sacral rib.




cintura pélvica

Esqueleto Apendicular

Pakicetus attocki

(cetaceo basal)




Artiodactylamorpha
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BALEIAS FOSSEIS ILUSTRAM OS PASSOS EVOLUTIVOS DE
UM GRUPO TERRESTRE QUE INVADIU O AMBIENTE
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FORMA E FUNCAO: graviportais (pesados)

A postura dos ossos
é colunar reduzindo,
assim, as forgas de
cisalhamento
Segmento proximal
relativamente longo

O olécrano estd
inclinado para tras
permitindo que a
articulagédo do
cotovelo seja
totalmente estendida

Raédio e ulna, ambos
grandes e livres

Ossos do carpo em
‘ forma de blocos
Cinco digitos curtos : Segmento distal

irradiam-se sobre relativamente curto
um coxim de

amortecimento

FIGURA 23-4 ALGUMAS ADAPTACOES GRAVIPORTAIS da pata anterior direita de um elefante
mdiano, Elephas, de 12 anos de idade.




FORMA E FUNCAO: cursores

VEADO (UNGULIGRADO)

TGURA 24-5 CONTRASTE ENTRE AS PROPORCOES E A POSTURA DO PE no esqueleto da

ata posterior esquerda de um ndo-cursor (esquerda), um cursor moderado (centro) e um cursor
kamente especializado (direita).




FORMA E FUNCAOQ: cursores e saltadores

VEADO-GALHEIRO
Odocoileus

FIGURA 24-6 CONTRASTE ENTRE A FORMA DO TORAX, POSICAO DAS ESCAPULAS E
DESENVOLVIMENTO DAS CLAVICULAS EM UM CURSOR (esquerda) E UM NAO-CURSOR
(direita). Estdo representados apenas os cinco primeiros segmentos tordcicos.

CANGURU
Macropus

"“SPRINGHARE"
Pedetes

RATO.CANGURU
Dipodomys

[ FIGURA 242 EXEM;

! PLOS DE MAMIFEROS RICOCHETEA DORES
ino : 5 [COC]
F © & meio caminho, durante um salto muito alto, Note as F‘Oporv,‘éesd ; Atados na decolagem,

\cauda
| para balango, pemas e uso da




LAGARTO-DE-CHIFRES, Phrynosoma
ESQUILO-TERRESTRE-DE-GAI
Spermaphilopsis

Labios fechados
atrés dos incisivos.
em cinzel

" Pata alargada 2 :
TOUPEIRA AMERICANA DO LESTE, Scalopus ~ RATO-TOUPEIRA AFRICANO, Cryptomys
Otho Pescogo curto,
vestigial forte

Amofada nasal
desenvolvida

TOUPEIRA-DOURADA, Amblysomus

TATU-CANASTRA, Priodontes PANGOLIM, Manis

FIGURA 252 EXEMPLOS ADICIONAIS DE ESCAVADORES mostrando algumas de suas
adaptagdes.

FORMA E FUNCAO: escavadores

O grande epicéndilo
medial é a origem
dos pronadores e

FIGURA 25-5 ALGUMAS ADAPTAGOES PARA A ESCAVAGAO ilustradas por vistas
dorso-laterais do esqueleto da pata anterior esquerda do jabuti, Gopherus (acima), e da eqiiidna,
Tachyglossus (abaixo).

Olécrano muito longo

TR
O epicdndilo medial muito longo \\\\\\
é a origem do pronador e dos \ s Ossos carpais e metacarpais

flexores do carpo }e ;‘ curtos; falanges suprimidas

flexdo do pulso a flexdo
do cotovelo
O latissimo do dorso, bem
desenvolvido, insere-se

FIGURA 25-7 ESTRUTURA ASSOCIADA A ESCAVAGAO POR RASPAGEM NA
TOUPEIRA-DOURADA, Amblysomus.




FORMA E FUNCAOQ: trepadores

do pulso

o elipsdide
PREGUIGA
Choloepus

Rédio e ulna

“TREE DORMOUSE"”
Dryomys

FIGURA 26-3 MAMIFEROS TREPADORES REPRESENTATIVOS.

FIGURA 26-7 CARACTERISTICAS DO ESQUELETO APENDICULAR DE ALGUNS
TREPADORES ilustradas pela pata posterior esquerda de uma preguiga, Choloepus (esquerda), e
anterior esquerda de um macaco-aranha, Afeles (direita).




FORMA E FUNCAO

voadores

nadadores

FIGURA 28-15 CONTRASTE ENTRE OS ESQUELETOS DA ASA ESQUERDA DE UMA AVE
DE PLANEIO DINAMICO E DE UMA AVE QUE PAIRA, exemplificadas por um albatroz,
Diomedea (acima) e um beija-flor, Lampornis (abaixo). O esqueleto das maos foi desenhado com

© mesmo comprimento.




